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SMEBOSEB MTCRO FT . FrTWOWTC SUPFKCONPOCTING 
nBffTflES AND METHODS 

This invention relates to electrical structures 
comprised of high transition temperature (T c ) 
5 superconductor materials. More particularly, the 
invention relates to microelectronic superconductor 
devices and an improved method for making such devices 
wherein the superconductor material has a high transition 
temperature. This application contains subject matter 
10 supported by the U.S. Government under Contract No. DE- 
AC03-76SF00098, through the U.S. Department of Energy. 
The government has certain rights in this invention. 

Superconductor materials have been developed 
which have a high transition temperature <T C > , exhibiting 
15 superconductivity at temperatures up to and above the 
boiling point of liquid nitrogen, 77K. The ability to 
manufacture microelectronic devices employing high T c 
superconducting material promises many advantages. Such 
d e vices exhibit the advantages of devices employing low 
temperature superconducting material, but because they, 
can operate in liquid N 2 , they can be cooled much more 
easily and less expensively. 

Unfortunately, the fabrication of microelectronic 
structures using high T c superconductor materials is not 
a trivial task, and cannot readily follow prior art 
techniques.^For.~ ex ample,_ l owj^ 



20 



25 



30 



35 



materials, such as niobium and niobium nitride, may be 
fabricated using conventional techniques such as vacuum 
evaporation deposition, sputtering, reactive ion etching, 
and photolithographic patterning techniques. Examples of 
microelectronic structures using low temperature 
superconductor materials are described by Klepner in IEEE 
Transactions on Magnetics, January, 1981, pp. 282 et. 
seq., by Jaycox, et al. in the same publication at pp. 
400 t. seq., by Nagasawa, et al. in IEEE Transactions on 
Magnetics, March 1989, pp. 777 et. seq., and by 
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Kaplunenko, et al. in the same publication at pp. 861, et 
seq. 

Such common fabrication techniques are not 
readily suited to many types of multilayer 

5 microelectronic devices employing high T c superconductor 
materials. The reasons for this involve the fact that, 
in order to be superconducting, high T c materials must 
have the correct crystal structure. The correct crystal 
structure can be achieved using an annealing step at a 

10 high temperature, for example, 850 °C, after the material 
is deposited. However, thin films of high T c 
superconductor materials are highly defected and, at such 
annealing temperatures, will interdiffuse rapidly with 
adjacent layers. Since many microelectronic structures 

15 require multiple layers of different materials, an 

annealing step is not practical. Thus, a deposition 
technique which results directly in the formation of 
multiple heteroep it axial layers is needed for the 
construction of such structures. 

20 High T c superconductor material may be deposited 

as epitaxial thin films on suitable substrates at 
temperatures between 650° and 750 # C using laser 
deposition. In single layer microelectronic structures, 
a proper substrate surface will result in epitaxial thin 

25 films under suitable deposition conditions. However, 
where an insulating layer is required, such as in the 
case where conductors cross each other (crossover) , it is 
difficult to achieve proper insulation and at the same 
time a crystal structure suitable for the deposition of a 

30 third epitaxial thin film layer. 

Multilayer structures of high T c superconductor 
material have been reported in a number of publications 
in connection with tri-layer junctions that exhibit 
Josephson Characteristics (superconducting pair 

35 tunneling) . Examples of the tri-layer junctions are 
described by Rogers, et al. in Appl. Phys. Lett., Vol. 
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55, No. 19, November 6, 1989, pp. 2032 et. seq., by 
Iguchi, et al. in Japanese Journal of Applied Physics, 
Vol. 29, No. 4, April, 1990, pp. L614 et. seq., by 
ienari, et al. in Second ISTEC Workshop on 
5 superconductivity, May 28-30, 1990, pp. 125 et. seq., and 
by Furuyama, et al. in Second Workshop on High 
Temperature superconducting Electron Devices, June 7-9, 
1989, pp. 105 et. seq. Such tri-layer structures are not 
suitable as cross-overs, however, since the intermediate 
10 layer has insufficient insulating properties for typical 
microelectronic crossover applications. 

In addition to the need for providing insulation 
between high T c superconductor layers, it is also 
necessary to pattern the high T c superconducting layers 
15 and, in some cases, the insulating layer so that useful 
devices can be built. The use of photolithography on 
single and multilayer high T c superconducting thin film 
structures is well known in the art as a patterning 

technique performed only after all high T c 

20 superconducting films have been deposited. However, 
there would be a number of advantages in using the 
photolithographic process to separately pattern all 
layers of a multilayer high T c superconducting thin film 
structure. First, the photolithographic process is the 
25 standard technique for patterning conventional 
-microe l ectronic-circuit s Thus.,_tne use of the 



photolithographic process opens up the possibility of 
using existing standard equipment to produce novel 
superconducting devices. Second, photolithography allows 

30 the construction of complex patterns, while other prior 
art methods, such as patterne shadow masks, art. 
generally suitable only for rt itively simple pa terns. 
Third, photolithography allows a given pattern to be 
exposed and stepped repeatedly over a film to produce a 

35 large number of identical devices on one substrate, thus 
allowing mass production of devices. Fourth, 
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photolithography also allows precise alignment of 
different layers. Finally, the photolithographic process 
allows the physical size of the patterns to be 
drastically reduced. Typically, the linewidths produced 
5 using the photolithographic process can be as small as a 
few micrometers. This is extremely important in many 
applications, in particular, where high speed is required 
or a large number of devices are to be put on a single 
chip. 

10 Examples of devices which are best made using the 

photolithographic process are miniature muliturn coils 
and window contacts. A window contact is an area of 
electrical contact between two electrically conducting 
layers through a hole in an insulating layer. If the two 

15 layers are superconducting layers, a supercurrent, i.e., 
a current which does not encounter any electrical 
resistance, can flow from one superconductor layer to 
another superconductor layer through the hole in the , 
insulating layer. The hole through the insulating layer 

~20 is best patterned using the photolithographic process so 
that all the desirable advantages of using the 
photolithographic process described above can be 
realized. 

The holes in the insulating layer have other 
25 applications in addition to providing window contacts. A 

plurality of layers can be deposited inside each hole. 

These layers inside the hole can be used to form 
superconductor- insulator-superconductor ( SIS ) and 
superconductor-normal-superconductor (SNS) junctions . 
30 However, the ability to use the photolithographic 

process to separately pattern more than one high T c 
superconducting thin film of a multilayer structure has 
not been achieved by the prior art. This is because the 
surface of a high T c superconducting thin film becomes 
35 contaminated during the photolithographic process. Thus, 
it will not support the crystalline growth of an 
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insulating layer of sufficient quality that th 
insulating layer will, in turn, support the crystalline 
growth of a second high T c superconducting thin film. 
It is an object of the present invention to 
5 provide a multilayer high T c microelectronic device with 

an insulating layer. 

It is another object of the present invention to 
provide an improved method for manufacturing a 
microelectronic device employing high T c superconductor 

10 material . 

A further object of the invention is to use the 
photolithographic process to separately pattern thin 
films of high T c superconductor materials and insulators 
in multilayer structures. 

15 it is another object of the invention to 

facilitate mass production of microelectronic devices 
utilizing high T c superconductor material. 

A further object of the invention is to reduce 
i-.he physical size of microelectronic devices employing 

20 high T c superconductor material. 

it is yet another object of the present invention 
to provide an improved method for producing a multilayer 
microelectronic device wherein two layers of high T c 
superconductor materials are separated by an insulating 

25 layer. 

-It io still another object of .the present 



30 



invention to provide an improved method for producing 
window contacts in a multilayer microelectronic device 
employing high T c superconductor material. 

A further object of the present invention is to 
deposit a plurality of layers in the holes of the 

insulating layer. 

These and other objects will become apparent from 
the following description, accompanying drawings, and 
35 from the practice of the invention. 

STTMMARY OF THK INVENTION 
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The present invention provides a method to 
separately pattern more than one high T c metal oxid 
superconductor film using the photolithographic process. 
The photolithographic process can be applied individually 
5 to all superconducting and insulating layers of 

superconductor film in a crossover or similar multilayer 
structure. 

In a preferred embodiment, the method of the 
invention comprises depositing in situ a high T c metal 

10 oxide superconductor film on a substrate at a temperature 
below 800°C. The deposited film is then patterned using 
the photolithographic process. The surface of the 
deposited film is then restored so as to support 
epitaxial or highly oriented microstructure in subsequent 

15 deposits. An insulating film is then deposited on at 

least part of said first film, said insulating film being 
comprised of a material having high resistivity at 
temperatures below T c , and having a microstructure which 
is epitaxial or highly oriented sufficient to support 

20 epitaxial growth thereon of a third layer. 

The present invention also provides a 
microelectronic device comprising a substrate and a first 
superconductor thin film of high T c metal oxide 
superconductor material. The first superconducting thin 

25 film is covered by an insulating thin film having a 

_ plurality of holes. The insulating film cggPg^ggg_ a 

material having high resistivity at temperatures below 
T c , and has a microstructure which is epitaxial or highly 
oriented sufficient to support epitaxial growth thereon 

30 of a third layer. 

DESCRIPTION OF THE FIGURES 
FIGURE 1 is a perspective view of a portion of a 
crossover patterned using the photolithographic process. 

FIGURES 2A and 2B are, respectively, a plan and 
35 side view of an example of a high T c microelectronic 

crossover element constructed according to the present 
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invention . 

FIGURES 3A-C are plots of resistance versus 
temperature of a photolithographically patterned 
crossover which is etched using nitric acid. Figure 3 A 
5 is the resistance versus temperature plot of the upper 
YBCO layer. Figure 3B is the resistance versus 
temperature plot of the SrTi0 3 insulating layer measured 
between the upper and the lower YBCO layers. Figure 3C 
is the resistance versus temperature plot of the bottom 

10 YBCO layer. 

FIGURES 4A-C are plots of resistance versus 
temperature of a photolithographically patterned 
crossover which is etched using an argon ion mill. 
Figure 4A is the resistance versus temperature plot of 

15 the upper YBCO layer. Figure 4B is the resistance versus 
temperature plot of the SrTi0 3 insulating layer measured 
between the upper and the lower YBCO layers. Figure 4C 
is the resistance versus temperature plot of the bottom 

YBCO layer. 

20 FIGURE 5A and 5B are, respectively, a plan and 

" "cross" sectional view of an example of a device with a 

window contact constructed according to the present 

invention . 

FIGURE 6 shows resistance versus temperature data 
25 for a window contact with all the layers patterned 
^^^ otolithographi c ally^ac c or^^ 

FIGURE 7 shows the critical current versus 
temperature for the window contact in Figure 6. 

FIGURE 8 shows a hole with multiple layers 
30 deposited within according to the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
Methods are known in the art for the deposition 
of single layers of thin films of the class of high 
temperature superconductors know as ceramic oxides or 
35 metal oxides, of which the most well known is YBa 2 Cu 3 O x 
(x is a positive number up to 7.0), also known as YBCO 
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and sometimes referred to as 123 mixed metal oxide, based 
on the stoichiometric proportions of yttrium, barium and 
copper. However, to produce microelectronic circuits of 
any complexity, there is a need to develop techniques for 
5 depositing multilayer structures. 

One important multilayer structure is an 
insulated crossover, which allows two thin film 
superconductors to overlap or to cross while maintaining 
electrical isolation. Virtually all electronic circuits 

10 of any complexity require such insulated crossovers. For 
example, one such utilization of a crossover is in the 
construction of a thin-film multi-turn superconductor 
coil. The crossover problem is encountered in making an 
electrical contact to the inner turn of the coil. 

15 In addition to the electrical considerations, 

there are the additional problems associated with making 
a crossover structure using high T c superconductor thin 
films. Most thin films are highly defected in nature and 
thus interdif fusion proceeds much more rapidly than in a 

^0 single crystal. If the as-deposited film does not have 
the correct crystal structure, an annealing step is 
typically required to achieve the desired superconducting 
characteristics. For YBCO, the annealing temperature is 
typically about 850°C. However, at a temperature of 

25 850 "C, interdif fusion is so fast that a tri-layer 

structure which requires suchja post-annealing 

temperature is probably impractical to fabricate. 
Therefore, to fabricate a tri-layer structure comprising 
mixed metal superconductor one needs to devise an in situ 
30 deposition process which is compatible with relatively 
low substrate temperature, short deposition time and a 
way to avoid high temperature annealing. 

In order to employ high T c ceramic oxide films 
for crossovers, the insulating layer should be able to 
35 grow epitaxial ly or in a highly orient d manner both on 
the substrate and on the ceramic oxide, as well as to 
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have good coverage of and adhesion to the ceramic oxide 
and the substrate, particularly at edges and over 
irregularities. It is also important that the insulating 
layer has a high resistivity and provides sufficient 
5 insulation between the upper and lower superconducting 
layers at temperatures below the transition temperature 
(T c ) of the ceramic oxide which is utilized in the 
device . 

In addition to the need for an insulating layer, 

10 the high T c ceramic oxide layers must be patterned in 
order to create microelectronic circuits. Patterning 
using photolithographic process has many advantages over 
prior art patterning methods. However, the insulating 
layer may not grow with the necessary crystal structure 

15 on the surface of a ceramic oxide thin film which has 
been contaminated during the photolithographic 
processing. In particular, YBCO is very reactive. It 
has been well documented that the surface of YBCO thin 
films can easily be contaminated even with exposure to 

20 air. Thus, the surface of the bottom YBCO film patterned 
phbtolithographically could be sufficiently contaminated 
so that it would not support growth of the insulating 
layer and the top YBCO layer with the necessary crystal 
structure. Defects in the structure of the insulating 

25 layer could result in short circuits between the two YBCO 
l a yers. In additio n, defects in the crystalline 
structure of the upper YBCO layer could severely degrade 
the superconducting properties of the top YBCO layer, 
i.e., a reduction in superconducting transition 

30 temperature and/or a reduction in critical current. 

There is another problem associated with using 
the photolithographic patterning technique which coulc 
also degrade the performance of the crossovers. When a 
film is patterned into lin s with this technique, the 

35 lines appears as rectangles when viewed in cross section. 
Referring now to Fig. 1 which shows a perspective view of 



I 
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a portion of a crossover. A superconducting ceramic 
oxide film is photolithographically patterned into line 
52 on top of a substrate 58. An insulating layer 56 is 
deposited so that another line 54 patterned from a top 
5 superconducting ceramic oxide film is insulated from line 
52. The sides of the lines 52 patterned using 
photolithographic process is roughly perpendicular to the 
surface of the film. The rectangular geometry resulting 
from photolithographic processing makes it difficult to 

10 deposit an insulating layer which can sufficiently cover 
the corners of the bottom YBCO film so as to prevent 
short circuits. In addition, it is more difficult to 
deposit a top YBCO film with good superconducting 
properties upon this insulating layer because the top 

15 YBCO film has to climb over the "steps" created by line 
52. 

The present invention is based, in part, on the 
introduction of an additional step after the 
photolithographic process so that the problems of defects 

20 in epitaxial growth using the photolithographic process 
on high T c ceramic oxide can be avoided. More 
specifically, the additional step involves restoring the 
surface of the bottom ceramic oxide layer after 
subjecting it to photolithographic patterning. 

25 Restoration is the removal of the contaminated surface 
.. ^ ^Y?^ .9 ^ f suitable to _ 

support the epitaxial growth of subsequent layers. 

The restoration step is preferably performed by 
submerging the substrate and the photographically 

30 patterned ceramic oxide film in a chemical etchant which 
is substantially free of water. This is because the 
surface of the YBCO layer can easily be contaminated by 
water. Thus, a chemical etchant which is substantially 
free of water can clean the surface to facilitate the 

35 deposition of other layers. An example of such chemical 
etchant is a mixture of bromine in methanol. The mixture 
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has been shown by others, such as Vasquet, et al., in 
Appl. Phys. Lett., December, 1988, pp. 2692 et. seq., to 
be able to restore the surface of YBCO and other high 
temperature superconductors. 
5 The present invention is also based, in part, on 

the successful deposition of an insulating thin film 
layer which is thick enough to achieve sufficient 
insulation and to support the deposition of a third layer 
of either metal, such as gold or silver, another 

10 insulating layer or a high T c superconducting material. 
This insulting layer can also be patterned using the 
photolithographic process. 

A particularly desirable device which is best 
made using the photolithographic process on the 

15 insulating layer is a window contact. A window contact 
is an area of electrical contact through a hole in an 
insulating layer between a superconductor layer and 
another layer which can be either a metal or another 
superconducting layer. If the contact is between a lower 

20 ceramic oxide layer and an upper ceramic oxide layer, a 
supercurrentj I " i~.~e.~7 a current which does encounter 
any electrical resistance, can flow from one ceramic 
oxide layer to another ceramic oxide superconductor layer 
through the holes in the insulating layer. Contacts 

25 between a lower ceramic oxide layer and a metal can be 

used to make connecti ons to normal m etal circuitry . 

Contacts between two conducting layers separated 
by an insulating layer have been made by the prior art at 
the edges of the insulating layer separating the two 

30 superconducting layers. The use of window contacts to 
provide electrical coupling between layers are superior 
to the methods used in the prior art because contacts can 
be made anywhere in the insulating layer. These holes 
are best fabricat d using photolithography to provide 

35 precision in alignment among the layers and reduction in 
the size of the holes. As a result, complicated 
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microelectronic devices can be fabricated. 

In addition to allowing the use of 
photolithographic process on the lower ceramic oxide 
layer and the insulating layer, the present invention 
5 also allows the use of the photolithographic process on 
the top ceramic oxide layer* The application of the 
photolithographic process to the top ceramic oxide layer 
presents other problems. In particular , the use of a 
chemical etch, which is widely used in a typical 

10 photolithographic process involving only a single high T c 
superconducting layer, could damage the lower ceramic 
oxide film if the insulating layer does not provide 
sufficient protection to the lower ceramic oxide film 
from chemical attack. In order to avoid the possibility 

15 of etching through the insulating layer, an Ar ion mill 
can be used instead of the chemical etch. In many 
instances, however, a chemical etch can be safely used. 
In addition, it has been found that the thickness of the 
insulating layer and the milling time should be well 

^t) controlled so rnat the material underlying the top 
ceramic oxide layer is not damaged. 

Accordingly, the present invention is directed to 
a process for making microelectronic devices wherein 
crossovers of superconductor metal oxides can be made and 

25 wherein the entire microelectronic device can be made 
without destroying the electrical properties of the 
materials which have already been deposited and which are 
to be deposited. The present invention is also directed 
to a multilayer device with one or more window contacts. 

30 The thin films are deposited using a laser to 

ablate the targets, which are, preferably, stoichiometric 
YBCO, YSZ, or SrTi0 3 targets. The deposition can be done 
in a vacuum deposition chamber with the laser focused 
onto the target and with a substrate holder which can 

35 h at the substrate to the desired temperature. The 

substrate may be any suitable material, of which many are 
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known to those skilled in the art, such as MgO, SrTi0 3 , 
YSZ, and LaA10 3 . The substrate may also be materials 
which do not support the growth of high quality high T c 
superconducting layers, such as silicon and sapphire 
5 wafers, but can be coated with materials which support 
such growth. 

The substrate heater is first outgassed and the 
substrate temperature is raised to the range of about 
650° to 750 °C (for deposition, for example, of YBCO) 

10 while the deposition chamber is evacuated to about 2 to 5 
/xTorr. A preferred temperature for heating the substrate 
is about 730 °C for YBCO. Oxygen is then bled into the 
system, since it is required to maintain proper 
stoichiometry in the deposited film. Typically, oxygen 

15 pressure within the vacuum chamber of about 150 to 250 
mTorr, preferably about 190 mTorr, is useful for YBCO 
deposition. 

Typically, prior to deposition, the target 
surface is cleaned with laser pulses and then the high T c 

20 ceramic oxide, such as YBCO, is deposited by focusing the 
laser" on a stbichibmetric YBCO" target formed by pressing 
and sintering calcined powder into disks. Preferably, 
the first layer is deposited to a thickness of about 0.1 
to 0.6 /xm (for YBCO layers); however the thickness may be 

25 varied depending on the final application and desired 

current carrying capacity of the microelectronic <tevige. 
A thickness in the range of 0.2-0.4 fim is most preferred. 
After deposition, the chamber is filled with oxygen to 
about 700 Torr and the substrate block allowed to cool to 

30 about 450 °C in about 15 minutes. After further cooling 
to a handleable temperature (about 100 °C or less) , the 
chamber may ?e opened and the substrate with the 
deposited ceramic oxide layer can be removed for 
patterning using the photolithographic process. 

35 When using photolithography to pattern a thin 

film, the film is coated with an organic chemical called 
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photoresist. An example of a photoresist is Shipley 
Microposit 1400-31. The photoresist is baked dry, 
exposed to ultraviolet light in the desired pattern, and 
developed in an organic chemical developer such as 
5 Microposit developer so that a portion of the photoresist 
responsive to the ultraviolet light passing through the 
pattern is removed. The portion of the thin film which 
is not covered by the photoresist can then be etched away 
using either an ion mill or various chemical etchants. 

10 An example of a suitable etchant is dilute nitric acid. 
After etching is completed, the resist covering the 
remaining parts of the ceramic oxide film is stripped 
using acetone. 

At this point, the surface of the ceramic oxide 

15 film is restored using a solution of bromine in methanol 
before depositing the final two layers. The 
concentration of the solution is preferably 2% bromine. 
The substrate with the ceramic oxide thin film is 
submerged in the restoring solution for preferably 30 

20 seconds or less, then rinsed in pure methanol and blown 
dry; "imediately af terwards , "it is mounted in the laser 
system's vacuum chamber in preparation for deposition of 
the insulating layer. 

An appropriate evaporation mask, if desired, may 

25 be placed on top of the substrate. The vacuum chamber is 
closed and evacuated while the substrat e is ou tgassed at 
about 200 °C. This low temperature minimizes the loss of 
oxygen from the ceramic oxide layer. After the pressure 
within the chamber is lowered, preferably to about 3 to 5 

30 jiTorr, the substrate temperature is rapidly raised to a 
suitable temperature for deposition of the insulator, 
(about 680 °C for SrTi0 3 deposition) and oxygen is bled in 
to obtain about 190 /iTorr pressure. The target is 
cleaned with the laser, before a suitable insulator such 

35 as SrTi0 3 , yttrium stabilized zirconia (YSZ) , magnesium 
oxide (MgO) , lanthanum aluminate (LaAl 2 0 3 ) , praseodymium 
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barium copper oxide (PrBa 2 Cu 3 0 7 ) , or yttrium oxide (Y 2 0 3 ) 
is deposited, preferably, for a period sufficient to form 
a 0.1 to 0.5 /xm thick layer or such that it is 
sufficiently insulating. It is useful to use the same 
cooling, procedure as in the first deposition. 

If it is desirable to pattern the insulating 
layer using the photolithographic process, the same 
procedure as described in patterning the lower YBCO layer 
can be used. However, it is found that a restoration 
step is not necessary for the insulating layer. It may 
be understood that the pattern which can be etched on the 
insulating layer includes holes, strips, and other 
desirable figures. 

If it is desirable to create a beveled wall for 
the hole, one can defocus the projection mask aligner 
during exposure of the photo-resist. The insulating 
layer is etched using an ion milling. The defocused 
pattern allows some etching at the peripheral of the hole 
thereby forming a beveled wall. A hole with beveled wall 
20 is especially desirable for window contact. This is 

because the beveled wall provides a gentle slope to guide 
the third layer into the hole. 

The third layer can either be metal, another 
insulating layer, or another YBCO layer. Metal can be 
25 deposited on the insulating layer using a thermal 

eya poratipn_p„^ known in the 

art. The metal deposited can make contact with the lower 
YBCO layer through the holes etched in the insulating 
layer so that signals can be coupled to and from the 
30 lower YBCO layer. 

If it is desirable to deposit YBCO as a third 
layer, the sample and a stoichiometric YBCO target is 
placed in the chamber. Outgassing and deposition may be 
accomplished as in the first deposition step. The third 
35 layer may us fully be deposited to a thickness of about 
0.1 to 0.5 nm, if the layer is, for example, YBCO. The 
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third layer may be patterned by using a mask or by 
photol ithography . 

If the third layer is patterned using the 
photolithographic process, the same procedure as 
5 described in patterning the lower YBCO layer can be used 
with two modifications. First, in many instances, 
chemical etchants cannot be used in the etching step and 
one must use an ion mill. This is to protect the lower 
YBCO film from chemical attack by the acid. Second, 
10 there is no need for restoring the surface of the top 
YBCO film. 

It may be understood that additional layers can 
also be deposited and patterned using the 
photolithographic methods described above. 

15 Holes with beveled walls in the insulating layer 

are also useful for making superconductor-insulator- 
superconductor (SIS) and superconductor-normal- 
superconductor (SNS) junctions. After milling the 
defocused pattern to expose the underlying YBCO layer, a 

2D series or layers can be deposited inside each hole. The 

first-layer- of the series is preferably a thin YBCO layer 

designed to restore the surface of the underlying YBCO 
layer damaged during ion milling. An insulating layer or 
a normal metal layer could be deposited on top of the 

25 thin YBCO layer. A upper YBCO layer could be deposited 
on top of the intermediate insulating or normal metal 
== T^^T = n^^p^^^^^^^^^^^^ = ^^ layer, a 
junction could be fabricated. A SIS junction could be 
produced if the intermediate layer is an insulating 

30 layer. A SNS junction could be produced if the 
intermediate layer is a normal metal layer. 

Referring to Figure 8 there is shown a SNS or SIS 
junction according to the present invention. An 
insulating layer 73 with a beveled wall 75 is positioned 

35 above a lower YBCO thin film 72 forming a hole 77. 

Beveled wall 75 extends into lower YBCO film 72. A first 
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layer 74 , pref rably YBCO, is deposited inside hole 77. 
A second layer 76 , either a insulator or a normal metal, 
is deposited on top of first layer 74. A third layer 78, 
preferably YBCO, is deposited on top of second layer 76. 
5 Referring to Figure 2 there is shown a 

microelectronic device having a high T c superconductor 
crossover in accordance with the present invention. 
Referring to Figure 2A, a substrate 10 which is receptive 
to YBCO and SrTi0 3 , is utilized. The preferred substrate 

10 is MgO having a polished surface. The first layer 11 

comprises a strip metal oxide superconductor. The second 
layer 12 is insulating SrTi0 3 which, as shown, only 
partially covers the first layer and specifically only 
covers the portion of layer 11 where the crossover will 

15 occur. The third layer 13 comprises YBCO in the form of 
a strip that crosses over layer 11 where it is covered by 
layer 12. 

Referring to Figure 2B, there is shown a side 
view of the device shown in 2A wherein the numerals 10, 
20 11, 12, and 13 are as described above. 

"The following examples are provided by way of 
illustration and are not intended to limit the invention 
in any way. 

EXAMPLE 1 

25 . A 12.5xl2.5xlmm 3 cleaved and polished (100) MgO 

== §Bfeg££jjfei was cleaned successively in an ^ ultrasonic bath 
with xylene, trichlorethylene, isopropyl alcohol and 
ethanol, rinsed with methanol, and blown dry with N 2 - 
The superconductor films are deposited from 

30 stoichiometric YBCO targets pressed and sintered from 
calcined powder into disks 25 mm in diameter and 3 mm 
thick. The insulating layer is deposited from SrTi0 3 
powder pressed into a disk of the same size. Before each 
deposition, the surface of the targets are ground with 

35 #400 emery paper, polished on a latex sheet and blown 
with N 2 . Each layer is deposited in turn using the 248 
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nm pulses (18 ns full width at half maximum) from a 
Questek 2820 excimer laser. A 5.4 x 14mm 2 aperture 
selects the uniform portion of the beam, which is focused 
by a 0.15m focal length lens onto the target at an angle 
5 of incidence of 45*. The target is glued to one end of a 
copper cylinder that rotates at about 60 rpm; the 
bearings for the shaft are mounted in a water-cooled 
block in a diffusion-pumped vacuum system. The substrate 
is clamped to a heater block which is coated with a layer 
10 of silver paste to insure good thermal contact. This 
block is resistively heated, and its temperature is 
monitored by an embedded Chromel-Alumel thermocouple. 
The substrate is 60mm from the target, and aligned to 
intercept the central portion of the plume emanating from 
15 the target. A water-cooled plate partially shields the 
target from the thermal radiation emitted by the 
substrate heater block to prevent melting of the surface 
of the target. 

The first step in the process is to outgas the 
^° heater and substrate toy increasing the temperature to 

740 • C as the chamber is evacuated to 5 /xTorr . Then , the 
temperature is held constant while the gate valve is 
throttled and 0 2 is bled in to maintain a pressure of 190 
mTorr. The target is cleaned with 300 laser pulses at a 
rate of 5 per second with an energy density of 1.3 Jem -2 . 
The first layer of YBCO is deposited for 6 minutes^ at__ 
the same repetition rate and fluence, to a thickness of 
about 0.4 ^m. The chamber is then back-filled with 0 2 to 
1 atmosphere and the heater power is reduced to allow the 
block to cool to 450 "C in about 15 minutes. 

The sample is allowed to further cool down to 
100 *C or less in another 15 minutes. The sample is then 
dismounted from the heater block in preparation for 
patterning. Shipley Microposit 1400-31 photoresist is 
spun on the YBCO film for 30 sec at 5000 RPM and baked at 
70 *C for 5 minutes. This produces a 1/2 to l micrometer 
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thick layer of resist that entirely covers the YBCO film* 
The desired pattern is then exposed n the resist using a 
projection mask aligner. The resist is developed for 60 
seconds using Microposit developer. The portion of the 
5 thin film which is not covered by the photoresist can 
then be etched away using either an ion mill or various 
chemical etchants. An example of a suitable etchant is 
dilute nitric acid. 

When using nitric acid in etching , the sample is 
10 submerged in a 0.1% solution of nitric acid in water for 
about 45 seconds until the film is entirely etched in 
those regions where the resist has been removed by the 
developer. The substrate is then rinsed in water and 
blown dry. 

15 When using an ion mill in etching, the substrate 

is clamped on a large copper block heat sink beneath an 
ion mill in a vacuum system. After evacuation is 
complete, argon (Ar) is bled into the system and a beam 
of Ar ions is used to etch away the chosen portions of 
~20 the YBCO film. Typically, a 300nm thick film is milled 
for about 15 minutes in a 450V, 1 . 5 mA/ cm 2 beam of * Ar 
ions. 

After etching is completed by either method, the 
resist covering the remaining parts of the YBCO film is 

25 stripped using ethanol or acetone in an ultrasonic bath. 

At this point, the surface of the YBCO film is restored 

by submerging the substrate in a solution of 2% bromine 
in methanol for 30 seconds. The sample is rinsed in pure 
methanol and then blown dry. Immediately afterwards, the 

30 sample is mounted in a laser system's vacuum chamber in 
preparation for deposition of the insulating layer. 

An appropriate evaporation mask, if desired, may 
be is placed on top of the substrate and both are clamped 
to the heater block. The YBCO target is replaced with a 

35 polished SrTi0 3 target. As the chamber is evacuated to 3 
/iTorr, the heater block is outgassed at the relatively 
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low temperature of 200 °C to minimize the loss of oxygen 
from the YBCO layer. The block temperature is then 
rapidly raised to 680 °C, 0 2 is bled in to 190mTorr, and 
the target is cleaned as described above. After opening 
5 the shutter , SrTi0 3 is deposited for 8 minutes at a 
repetition rate of 4.8 Hz and a laser fluence of 
1.3 Jem . The same cooling procedure is used. 

After removing the evaporation mask and inserting 
a polished YBCO target, the substrate is outgassed at 

10 200 °C until the pressure falls to 3 /iTorr. The 

temperature is quickly raised to 740 °C and 0 2 is bled in 
to 200 mTorr. The third layer is deposited for 7 minutes 
at a repetition rate of 4.8 Hz and a laser fluence of 1.3 
J/cm . After the usual cooling procedure, the sample is 

15 removed. This layer can also be patterned using either 

an evaporation mask or the photolithographic process used 
on the lower YBCO layer. 

If it is desirable to pattern the top layer using 
the photolithographic process. Shipley Microposit 1400- 
31 photoresist is spun on the sample at 5000 RPM for 30 
seconds , and then-baked at 70 0 C for 5-7 min. This 
produces a l/2-l jim thick layer of resist. The pattern 
is then exposed, and the resist developed in microposit 
developer for approximately 60 seconds. The back of the 

25 sample is then coated with vacuum grease and clamped onto 
a large Cu block heat sink, and etched for a total of 



a^r^rmately lb to 20 min in a 450 V, 1.5mA/cm 2 beam of 
Ar ions. To prevent heating damage to the YBCO, the 
milling can be done in intervals of 5 min with 

30 approximately 15 min cooling intervals between, and 
aluminum foil may be used to protect portions of the 
device that require less etching time. After milling, 
the photoresist is stripped off in 30 sec in an 
ultrasonic ethanol bath. 

35 To reduce the particle density on the deposited 

YBCO film to typically 1 per 2500 urn 2 , it is preferred 
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that the YBCO target face be polished before deposition, 
and that the laser pulse power/unit area be lowered to 
close to the minimum necessary to yield high quality 
films. A further reduction of particle density can be 
achieved by increasing the area of the target that is 
ablated by the laser, and/or by polishing the target face 
during deposition. The elimination, or at least the 
minimization of the density of 1 /xm particles on the 
deposited film may be desirable in multilayer structures 
such as an insulated crossover, and is particularly 
important in a structure with a thin insulating layer 
such as a tunnel junction. The electrical properties of 
the three-layer component were measured using a 4- 
terminal arrangement, making contacts to the films with 
pressed Indium pellets. 

Figures 3A-C show resistance versus temperature 
data of a crossover with its lower YBCO layer 
photolithographically patterned and etched using nitric 
acid (HN0 3 ). Figure 3A is of the resistance versus 
^20 temperature plot of the upper YBCO layer. The transition 

—temperature, T~ ;~ is 87K. ~ Figure 3B isthe resistance 

versus temperature plot of the SrTi0 3 insulating layer 
measured between the upper and the lower YBCO layers. 
Figure 3C is the resistance versus temperature plot of 
25 the bottom YBCO layer. The transition temperature, T c , 

is 84. 7K. ^ 

Figures 4A-C show resistance versus temperature 
data of a crossover with its lower YBCO layer 
photolithographically patterned and etched using an ion 
30 mill. Figure 4A is the resistance versus temperature 
plot of the upper YBCO layer. The transition 
temperature, T c , is 87K. Figure 4B is the resistance 
versus temperature plot of the SrTi0 3 insulating layer 
measured between the upper and the lower YBCO layers. 
35 Figure 4C is the resistanc versus t mperature plot of 
the bottom YBCO layer. The transition temperature, T c , 
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EXAMPLE 3 

A 12.5xl2.5xlmm 3 cleaved and polished (100) MgO 
substrate was cleaned successively in an ultrasonic bath 
5 with xylene, trichlorethylene, isopropyl alcohol and 
ethanol, rinsed with methanol, and blown dry with N 2 . 
The superconductor films are deposited from 
stoichiometric YBCO targets pressed and sintered from 
calcined powder into disks 25 mm in diameter and 3 mm 

10 thick. The insulating layer is deposited from SrTi0 3 

powder pressed into a disk of the same size. Before each 
deposition, the surface of the targets are ground with 
#400 emery paper, polished on a latex sheet and blown 
with N 2 . Each layer is deposited in turn using the 248 

15 nm pulses (18 ns full width at half maximum) from a 
Questek 2820 excimer laser. A 5.4 x l4mm J aperture 
selects the uniform portion of the beam, which is focused 
by a 0.15m focal length lens onto the target at an angle 
of incidence of 45°. The target is glued to one end of a 

^° copper cylinder that rotates at about 60 rpm; the 

bearings for -the shaft are- mounted in-a water-cooled 
block in a diffusion-pumped vacuum system. The substrate 
is clamped to a heater block which is coated with a layer 
of silver paste to insure good thermal contact. This 

25 block is resistively heated, and its temperature is 
monitored by ah embedded Chromel-Alumel thermocouple. 
The~^lffistrate"Ts ^ 

intercept the central portion of the plume emanating from 
the target. A water-cooled plate partially shields the 
30 target from the thermal radiation emitted by the 

substrate heater block to prevent melting of the surface 
of the target. 

The first step in the process is to outgas the 
heater and substrate by increasing the temperature to 
35 740 'C as the chamber is evacuated to 5 /iTorr. Then, the 
temperature is held constant while the gate valve is 
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throttled and 0 2 is bled in to maintain a pressure of 190 
mTorr. The target is cleaned with 300 laser pulses at a 
rate of 5 per second with an energy density of 1.3 Jem" 2 . 
The first layer of YBCO is deposited for 5 minutes, at 
5 the same repetition rate and fluence, to a thickness of 
about 0.3 pm. The chamber is then back-filled with 0 2 to 
1 atmosphere and the heater power is reduced to allow the 
block to cool to 450 *C in about 15 minutes. 

The sample is allowed to further cool down to 

10 100 °C or less in another 15 minutes. The sample is then 
dismounted from the heater block in preparation for 
patterning. Shipley Microposit 1400-31 photoresist is 
spun on the YBCO film for 30 sec at 5000 RPM and baked at 
70 °C for 5 minutes. This produces a 1/2 to 1 micrometer 

15 thick layer of resist that entirely covers the YBCO film. 
The desired pattern is then exposed on the resist using a 
projection mask aligner. The resist is developed for 60 
seconds using Microposit developer. The portion of the 
thin film which is not covered by the photoresist can 

20 then be etched away using either an ion mill or various 
chemical etchahts. " An example of a suitable etchant is 
dilute nitric acid. 

When using nitric acid in etching, the sample is 
submerged in a 0.1% solution of nitric acid in water for 

25 about 45 seconds until the film is entirely etched in 

those regjgns = whgre thejres^^ The 

substrate is then rinsed in water and blown dry. 

When using an ion mill in etching, the substrate 
is clamped on a large copper block heat sink beneath an 

30 ion mill in a vacuum system. After evacuation is 

complete, argon (Ar) is bled into the system and a beam 
of Ar ions is used to etch away the chosen portions ci 
the YBCO film. Typically, a 300nm thick film is milled 
for about 15 minutes in a 450V, 1.5 mA/cm 2 beam of Ar 

35 ions. 

After etching is completed by either method, the 
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resist covering the remaining parts of the YBCO film is 
stripped using ethanol or acetone in an ultrasonic bath. 
At this point, the surface of the YBCO film is restored 
by submerging the substrate in a solution of 1% bromine 
5 in methanol for 10 seconds. The sample is rinsed in pure 
methanol and then blown dry. Immediately afterwards, the 
sample is mounted in a laser system's vacuum chamber in 
preparation for deposition of the insulating layer. 

An appropriate evaporation mask, if desired, may 

10 be is placed on top of the substrate and both are clamped 
to the heater block. The YBCO target is replaced with a 
polished SrTi0 3 target. As the chamber is evacuated to 3 
MTorr, the heater block is outgassed at the relatively 
low temperature of 200 *C to minimize the loss of oxygen 

15 from the YBCO layer. The block temperature is then 

rapidly raised to 680 'C, 0 2 is bled in to 190mTorr, and 
the target is cleaned as described above. After opening 
the shutter, SrTi0 3 is deposited at a repetition rate of 
4.8 Hz and a laser fluence of 1.3 Jem" 2 so that the 

^O thick nes s o f the SrTi0 3 is preferably between 0.1 to 0,4 

|tm. The same cooling procedure is used. 

The sample is then dismounted from the heater 
block in preparation for patterning. Shipley Microposit 
1400-31 photoresist is spun on the insulating layer for 

25 30 sec at 2000 RPM and baked at 70 °C for 6 to 7 minutes. 
This produces a 2 to 3 micrometer thick layer of resist 

_ tnat~ent ireTy layer". This ~ 

relatively thick layer is necessary to withstand the long 
subsequent ion mill etch. The desired pattern, in this 

30 case, a hole, is then exposed on the resist using a Canon 
projection mask aligner. The aligner is defocused if it 
is desirable to create a hole with beveled wall. The 
resist is developed for 60 seconds using Microposit 
developer. The portion of the thin film which is not 

35 covered by the photoresist can then be etched away using 
an ion mill. 
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When using an ion mill in etching, the substrate 
is clamped on a large copper block heat sink beneath an 
ion mill in a vacuum system. After evacuation is 
complete, argon (Ar) is bled into the system and a beam 
of Ar ions is used to etch away the chosen portions of 
the insulating layer. Typically, a 300nm thick film is 
milled for about 30 minutes in a 600V, 1.5 mA/cm 2 beam of 
Ar ions. The last 3 to 5 minutes of the milling is 
preferably performed at 450V to reduce damage to the 
underlying YBCO layer. 

After etching is completed, the resist covering 
the remaining parts of the insulating layer is stripped 
using ethanol or acetone in an ultrasonic bath. 
Immediately afterwards, the sample is mounted in a laser 
system' * vacuum chamber in preparation for deposition of 
the third layer. 

A polished YBCO target is inserted in the chamber 
and the sample is outgassed at 200 °C until the pressure 
falls to 3 jzTorr. The temperature is quickly raised to 
20 740*C and 0 2 is bled in to 200 mTorr. The third layer is 
deposited "at" a repetition rate of 4.8 "Hz and a laser 
fluence of 1.3 J/ cm 2 so that the thickness of the third 
layer is preferably 0.3 to 0.4 /ra* After the usual 
cooling procedure, the third layer is patterned using the 
25 photolithographic process. 

„s>^ p i gyLMlgr^^ 

the sample at 5000 RPM for 30 seconds, and then baked at 
70 ft C for 5-7 min. The pattern is then exposed, and the 
resist developed in microposit developer for 
30 approximately 60 seconds. The back of the sample is then 
coated with vacuum grease and clamped onto a large Cu 
block heat sink, and etched for a total of approximately 
10 to 20 min in a 450 V, 1.5mA/cm 2 beam of Ar ions. To 
prevent heating damage to the YBCO, the milling can be 
35 done in intervals of 5 rain with approximately 15 min 

cooling intervals between, and aluminum foil may be used 
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to protect portions of the device that require less 
etching time. After milling, the photoresist is stripped 
off in 30 sec in an ultrasonic ethanol bath. 

Fig. 5A-B show a microelectronic device with a 
5 window contact according to the present invention. 

Referring to fig. 5A, the microelectric device comprises 
a lower superconducting layer 31 , an insulating layer 32 
having a hole 34, and a upper superconducting layer 33. 
Fig. 5B is a cross-sectional view of the microelectronic 

10 device along a longitudinal direction parallel to lower 
superconducting layer 31 and including hole 34. Lower 
superconducting layer 31 and upper superconducting layer 
33 make contact at location 35 thereby allowing 
electrical conduction between lower superconducting layer 

15 31 and upper superconducting layer 33. 

Fig. 6 shows resistance versus temperature data 
for a window contact of dimension 18 /xm x 99 /xm wherein 
all the layers are patterned photolithographically. The 
electrical contacts to the sample were made in such a way 

"ZB so as to include parts of the upper and lower YBCO 

stripes as well as the window contact in the resistance 
measurement. 

FIG. 7 shows the critical current versus 
temperature for the 18 /xm x 99 jxm window contact. 

25 The invention is described in terms of the 

preferred embodiments. It will be realized that other 

modifications and variations will be apparent from the 
above description and for practice of the invention to 
those skilled in the art. These modifications and 

30 variations are intended to be within the scope of the 

present invention and the invention is not intended to be 
limited except by the following appended claims. 
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WHAT IS CLAIMED IS: 

5 1. A method for making a microelectronic device 

comprising 

a. depositing a first film of high T c metal 
oxide superconductor material on a substrate; 

b. patterning said first film using a 
10 photolithographic process; 

c. restoring the surface of said first film to 
support epitaxial or highly oriented micros tructure in a 
material deposited thereon; and 

d. depositing an insulating film on at least 
15 part of said first film, said insulating film being 

comprised of a material having high resistivity at 
temperatures below T c , and having a microstructure which 
is epitaxial or highly oriented sufficient to support 
epitaxial growth thereon of a third layer. 

20 2. A method according to Claim 1 wherein said 

step (b) comprises coating said first film with 
photoresist, exposing said photoresist with a desired 
pattern, developing said photoresist so that a portion of 
said photoresist responsive to said pattern is removed 

25 thereby uncovering a corresponding portion of said first 
fy^jn, and etching said uncoveredjportion of said first 
film. 

3. A method according to Claim 1 wherein said 
restoring step comprises submerging said first film in a 

30 first chemical etchant which is substantially free of 

water for removing contamination from the surface of said 
first film. 

4. A method according to Claim 3 wherein said 
first chemical etchant comprises a solution of bromine 

35 and methanol. 

5. A method according to Claim 4 wherein said 
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solution comprises 1% to 2% bromine in methanol. 

6. A method according to Claim 2 wherein said 
etching step comprises submerging said first film in a 
second chemical etchant for removing said uncovered 

5 portion of said first film. 

7. A method according to Claim 2 wherein said 
etching step comprises milling said first film using an 
ion mill. 

8. A method according to Claim 1 wherein said 
10 insulating film is selected from the group consisting of 

SrTi0 3 , yttrium stabilized zirconia, magnesium oxide, 
lanthanum aluminate, praseodymium barium copper oxide, 
and yttrium oxide. 

9. A method according to Claim 1 wherein said 

15 high T c metal oxide superconductor film comprises a mixed 
metal oxide of yttrium, barium and copper. 

10. A method according to Claim 1 which further 
comprises the step of patterning said insulating film 
using a photolithographic process. 

20 ±3r. — A method according to Claim 10 wherein said 

- step -of -patterning-said-insulat ing f ilm comprises - coating 

said insulating film with photoresist, exposing said 
photoresist with a desired pattern, developing said 
photoresist so that a portion of said photoresist 
25 responsive to said pattern is removed thereby uncovering 
a corresponding portion of said insulating film, and 
etcKTngH^ 

12. A method according to Claim 1 which further 
comprises depositing a second epitaxial high T c metal 
oxide superconductor film layer as in paragraph (a) of 
Claim 1. 

13. A method according to Claim 12 which further 
comprises patterning said second metal oxide 
superconductor film using a photolithographic process. 

14. A method according to Claim 13 wherein said 
step of patterning said second metal oxide 



30 



35 



WO 92/05591 



PCT/US91/06812 



-29- 

superconducting film comprises coating said insulating 
film with photoresist, exposing said photoresist with a 
desired pattern, developing said photoresist so that a 
portion of said photoresist responsive to said pattern is 
5 removed thereby uncovering a corresponding portion of 

said second metal oxide superconducting film, and etching 
said uncovered portion of said second metal oxide 
superconducting film. 

15. A method according to Claim 12 wherein said 
10 second high T c metal oxide superconductor films comprises 

a mixed metal oxide of yttrium, barium and copper. 

16. A microelectronic device comprising a 
substrate; a first superconductor thin film of high T c 
metal oxide superconductor material; and a second 

15 insulating thin film having at least one hole, said 

insulating film being comprised of a material havir high 
resistivity at temperatures below T c , and having a 
microstructure which is epitaxial or highly oriented 
sufficient to support epitaxial growth thereon of a third 

20 layer. 

17. TBS'^d^ij^~MOO^ing to Claim 16 wherein 
said insulating film is selected from the group 
consisting of SrTi0 3 , yttrium stabilized zirconia, 
magnesium oxide, lanthanum aluminate, praseodymium barium 

25 copper oxide, and yttrium oxide. 

,is v _.?hg ^gyL i g e ^„^gggy dil ? c;r ^l^^^ 

said high T Q metal oxide superconductor film comprises a 
mixed metal oxide of yttrium, barium and copper. 

19. The device according to Claim 16 further 
30 comprises a third metal layer wherein said third metal 

layer makes electrical contacts with said first 
superconductor thin film through said hole. 

20. The device according to Claim 16 further 
comprises a second superconductor thin film of high T c 

35 metal oxide superconductor material wherein said second 
superconductor thin film makes contacts with said first 
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superconductor thin film through said hole. 

21. The device according to Claim 20 wherein 
said high T c metal oxide superconductor film comprises a 
mixed metal oxide of yttrium, barium and copper. 
5 22. The device according to Claim 16 further 

includes a plurality of layers deposited within said 
hole. 

23. The device according to Claim 22 wherein 
said layers comprises a first superconductor layer in 

10 contact with said first superconductor thin film, a 
second insulating layer on top of said first 
superconductor layer, and a third superconductor layer on 
top of said second insulating layer. 

24. The device according to Claim 22 wherein 
15 said layers comprises a first superconductor layer in 

contact with said first superconductor thin film, a 
second layer of metal on top of said first superconductor 
layer, and a third superconductor layer on top of said 
second layer of metal. 
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